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Abstract

This is one of three reports describing the Emissions and Dispersion Modeling
System (EDMS). All reports use the same main title--8 MICPOCCMFUTER MOUEL FOR
CIVILIAN AIRPORTS AND AIR FORCE BASES--but different subtitles. The subtitles
are:

(1) USER'S GUIDE = ISSUE 2 ~———mememee (FAA-FE-88-3/ESL-TR-88-54)
(2) MODEL DESCRIPTION ---o—cm—cmeemee (FAA-EE-88-4 /ESL-TR-88-53)
(3) MODEL APPLICATION AND BACKGROUND - (FAA-EE-88-5/ESL-TR-88-55)

The first and second reports above describe the EDMS model and provide
instructions for its use. This is the third report. It consists of an
accumulation of five key documents describing the development and use of the
EDMS model. One of the documents shows the application of EDMS to the
assessment of air pollution at Stapleton International Afrport.

This report is prepared in accordance with discussions with the EPA and

requirements outlined in the March 27, 1980 Federal Register for submitting air
quality models to the EPA.
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INTRODUCTION

Key reports, summarizing the Emissions and Dispersion Modeling System (ELMS),
have been assembled in order to describe the development and use of the EDMS
model. This document is the repository for these key reports.

These reports were prepared in accordance with discussions with the
Environmental Protection Agency (EPA) and instructions precvided in the Federal
Register (March 27, 1980) for the submission of air quality models to the EPA
for consideration as Guideline models.

MODEL DEVELOPMENT AND USE ~ ITS CHRONOLOGY AND REPORTS

The need for an effective model to evaluate pollution from aircraft was first
identified during the analysis of Concorde emissions at Dulles International
Airport (IAD) in 1976. During this analysis, it was noticed that existing
models can not accommodate detailed changes in power setting, speed, and ground
track as alrcraft enter different operational modes at an airport.

The summary report of the analysis of Concorde (and other aircraft) emissions
at IAD is located in Appendix A, It should provide insight into model
development problems caused by the unique operational characteristics ~f
aircraft.

The need for a flexible, easy-to-use model to analyze aircraft emlssions became
more apparent in the late 1970's when both the Environmental Protection Agency
(EPA) and the Internationa! Civil Aviation Organization (ICAOQ) started to
develop the rationale for the imminent engine emission standards. The basic
question to be answered was, '""How significant a source of pollution are
aircraft?"

To help answer, this question the Federal Aviation Administration (FAA), the
United States Air Force (USAF), and the EPA established an air quality study to
quantify the impact of aircraft emissions on air quality at airfields. During
this study, a simple model was developed to help evaluate monitoring data.
However, this model was quite cumbersome to use since all calculations had to
be made by hand. A summary of this air quality study, which was completed in
1980, is included in Appendix B.

The nonavailablility of small vet powerful computers has impeded the
development of a simple, flexible model. However, in the late 19707,
computers having this capability were starting to become available. Omne such
computer, the Hewlett Packard 97 (HP-97), was then used to model emissions from
an aircraft that would be accelerating down a runway during takeoff. The
resulting model is described in Appendix C.

With the introduction of personal computers in the early 1980's, the HP-97 code
was reprogrammed for an Apple 1I+ microcomputer. This approach led to the
original GIMM--Graphical Input Microcomputer Model which was completed in
1982, Because it emploved the more powerful Apple computer, GIMM could be




Realizing the effectiveness of GIMM in meeting both FAA and USAF needs, the FAA
and the USAF issued a memorandum of understanding (MOU) to formally blend the
efforts of both agencies. This MOU documented the need for a single FAA/USAF
microcomputer model to evaluate air quality at both airports and aZrbases.

This model--the Emissions and Dispersion Modeling System (EDMS)--incorporates
the emissions and dispersion algorithms of the original GIMM that have been
speeded up and processed through a commercial data base. EDMS was completed in
1985, and its code and User's Guide were released to the general public in
December 1985 as report FAA-EE-85-4/ESL-TR-85-41.

Since that time, major modifications have been made to the original EDMS to
enhance its usability and incorporate an integral dispersion model into ite
code. A prototype of this expanded model was completed in 1986 and was used
to analyze air quality at Stapleton International Airport in conjunction with
the building of a new runway for that airport, The summary report for this
application of EDMS is contained in Appendix E.

Since 1986, the prototype EDMS has been incorporated into the main EDMS
system, and the final model has been submitted to the EPA as an agenda item
for the YFourth Conference on Air Quality Modeling.
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Figure 1.

On February 4, 1976, the Secretary of Transportation ordered the FAA to
maonitor emissions {and noise) at Dulles International Airport. To comply
with this order, it was necessary to measure the ambient pollution levels
(hackground) in and around Dulles Airport and to trace the dispersion of
emissions from a single Concorde aircraft. While the more conventional
background measurements could be easily performed. there was no known
case where the vertical and horizontal profile of the emission plume from
a single aircraft had been identified. A mobile monitoring program was,
therefore. initiated to determine if the emission plume of a taxiing or tak-
ing off aircraft could be detected. Special instruments were required to
measure the discrete, non-steady state nature of the dispersion of the air-
craft plume. The final measurement system, which consisted of contin-
uously recording instruments coupled with high-speed chart recorders,
successfully detected emissions from a single aircraft. Long term measure-

On February 4, 1976, the Secretarv of
Transportation ordered the FAA to
measure the noise and low-altitude
emissions of the Concorde aircraft in
connection with a 16 month trial period
for that aircraft.! This paper describe~
the low -altitude emissions portion of the
program, which 1« being performed at
Dulles International Airport
Measurements began on Mayv 27
1976, the date of the first Concorde de
parture from Dulles airport Results

—

Mr Segal 1= Project Officer. Con
rorde Fmicevan Manitanin ~ O .
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Table 1. Concorde monmitoning schedule.
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1976
FEB M A M ] ]
|

Secretary 's Con-
corde decision A
First Concorde
departure
[monitonng
starts) a
Bac keround
monitonng
Tax) monitoring
Takeoff moni-
toring
Tower moni-
tonng
fone tower)
Tower moni-
! tonng
’ [two tower!
Data analvsis
and reporting
Final Concorde
report

AS ON

1977

D] FM AMJ ] A SEP

|

Monthly repore® O S e S . . . W .

Six-maonth sum-
mary report”

*Avatable from the Federal Aviation Admimistration

Ottice of Ervsironmental Quahiny
BOO Independence Avenue, MW,
Washington, D 20509]

- from these measurements are described
through Feb. 1977 (the cutoff date for
preparation of this paper). The program
schedule is listed in Table 1.

In order to comply with the Secre
tarv's order to monitor Concorde emis
slons., it was necessary to measure hoth
the change in ambient air quality caused
by the operation of a single Concorde
aircraft (single event), and the pollution

background on and off the airport.
While the more conventional back-
ground measurements could be easily
performed, there was no known case
where the vertical and horizontal profile
of a single aircraft’s emission plume had
been identified. Paststudies” 4 had been
unsuccessful in such identification. be-
cause they were carried out in high-
background congested airports where

circuitous taxiing in and around com-
plex terminal areas was required.

Backg:ound levels are low at Dulles
Airport, where most aircraft use only
one isolated ramp. Aircraft generally do
not approach the terminal where pol-
lution from numerous sources may in-
termingle. A mobile monitoring program
was, therefore, started to determine if
the emission plume from a taxiing air-
craft could be detected. Results of this
program showed that continuously re-
cording instruments coupled with
high-speed recorders could detect
emissions from a single aircraft. Long
term measurements of background and
single event pollution were then
begun.

Objective

The principal objective of this pro-
gram was to measure the effect of Con-
corde emissicns on populated areas at or
near Dulles airport. Air quality was de-
termined at two main populated areas.
namely, the airport itself and the Ster-
ling Park Community. These locations
are shown in Figure 1. The impact of the
airport (and Concorde) emissions on the
air quality at Sterling Park was deter-
minec by measuring the pollution
background upwind and downwind of
the airport. The impact of Concorde
emissions on the airport itself was de-
termined by measuring the change in
pollutant concentration levels caused by
emissions from a single aircraft as it
started. taxied, and took off. The dis-
tance from the taxiing aircraft source at
which these emissions blend into the
background determined the effect of
Concorde emissions on the terminal
area. Single event measurements were
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{ Site Selection and Instrumentation
Figure 3. Takeoff station locations Site selection considerations were: 1.

also made to determine engine emission
rates for comparison with those listed in
the Concorde environmental impact
statement ~ A model 1« being developed
from these measurements. The Con
corde influence area shown in Figure 1.
will be determined from thi: mode!

Approach

Six & - quality stations and two ver.
tical towers were emploved for both
background and single event measure
ments. Background measurements were
performed at two main stations; one
measuring the airport background and
the other measuring the community
background All major pollutants (car
bon menoxide (COr. hvdrocarbons
tH), nitrogen oxides (O nitrogen
dioxide 1NO ). ozone () Vand particles),
as well a< wind direction and speed were
measured continuausly at these loca
tions A third station imitially set up to
monitor takeoft emissions was found to
be useful for background measurements
This station recorded CO, NO, and
wind speed and direction

Single event measurements were used
to define the Concorde influence area
and to provide the detaied dats tor
background pollution analsic. Mea
surements were made at three stations
and on two towers. The measurement

\ ) M

for taxi and start/idle emissions. NO,
was the tracer for takeoff emissions.
Cuntinuously recording instruments
coupled with high-speed chart recorders
were emploved to measure plume pas-
sage, which usuallv lasted less than two

probable success in detecting an event:
2. freedom from spurious emissions; 3.
frequency at which aircraft passed the
monitoring sites; 4. available power; 5.
wind direction; 6. noninterference with
other airport ¢*- - idons.

Six instrumented trailers plus mobile
equipment were moved at different
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| rore e A -5 the downwind monitoring station. This
sres v passage which usually takes less than
T two minutes requires continuously re-
sITed cording instruments and high-speed
spem chart recorders to record the rapid pas-
J - sage of this event. This equipment was,
therefore, used to record the short-
duration passage of the Concorde
emission plume.
Equipment for background and single
event monitoring are listed below:
' CONCORDE Carbon Monoxide
Figure 6. Characteristic plot of CO concentration during Intertegh CO'__URAS2—NDIR
tax: Energetic Sciences Inc., Ecolyzer
2600E
Nitric Oxide/Nitrogen Dioxide
Thermo Electron Co. 14B Analys-
er
times to the 32 sites shown in Figure 1 Background 1.6 Monitor Labs Inc., 8500 Calibra-
for pollution assessment purposes. Approach 19 tor
Location, instrumentation, measure- Climb out 18 Total Suspended Particulates
ment purpose, and operational dates are Meteorological 8.9.6,10.12, 24 BGI-IIA Hi Volume Sampler
tabulated in Table 11. Equipment at the {wind speed and BGI-HCII Standard Calibrator
following sites monitored the opera- direction) Total Hydrocarbons .
tional modes and weather parameters Meteorological 7 Beckman Instruments Inc..—
listed: (vertical Model 400
Site Number temperature) Non-Methane Hydrocarbons
Taxi {surface! 4.5, 10,11, 24, 25, Instrument selection was influenced Beckman Instruments Inc.—
26 by the unique nature of the aircraft Model 6800
Engine Start Idle  15.16. 17 pollution source. Most non-aircraft Ozone ] )
Takeoff tprecursori 2.3 sources are steady state in nature and McMillan Electronics Co.— 11K
Takeoff 12,13, 14 change little over long periods of time. Analyser.
Taxi (plume rise - 20T, 21T, 22T, These sources are amenable to long 1020 Ozone Generator
single tower) 23T sampling time instrumentation. The Wind Speed & Direction
Taxi (plume rise 27T, 20T. 21T, emission plume from a moving aircraft. Climet Instruments Co.—011-1
double tower) 22T, 23T, 28TT however. is a non-steady state puff and Wind Speed Transmitter, 012-10
29TT. 30TT. undergoes a wide concentration excur- Wind Direction Transmitier.
3TT.32TT sion as the emission plume passes over 060-10 Transmitter
16 . CONCORDE AIRCRAFT 6 NON CONCORDE AIRCRAFT
5. ® MAY 25 TO AUGUST 7 1976 " ® MAY 25 TO AUGUST 7 1876
® AUGUST 8 TO SEPTEMBER 26 1976 ® AUGUST 8 TO SEPTEMBER 20 1976
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Figure 8.

Temperature
Chimet Instrument o --015-3
Temperature Sensor, 06010
Translator

A major consideration in site selection
was the traffic pattern being used at the
airport. Most commercial aircraft do not
operate in the vicimity of the terminal.
but rather. position themselves at the jet
ramp which is located 2300 ft south ot
the terminal. Airplanes move around
this ramp in a clockwise direction For
south wind operations. which are pre
dominant during the summer months,
the airplanes usually proceed trom the
ramp to takeoff runwav It left. which
assures the shortest possible taxi dis
tance For north wind operations, air
planes proceed trom the ramp to runway
1-left. Considering this tratfic pattern,
the most effective location for tax
monitoring during the summer months
15 at the turf area yust off the northeas
tern edge of the taxi ramp (Figure 2).
Monitoring started at two locations (4
and 5. A third location was added first
at site 10 and then at site 11 - s provide
the three points needed to determine
emission dispersion As the wind shitted
to the north in the winter months. the
three taxi monitonng stations were
moved to the other side of the taxi ramp
Mea-urement~ to record the vertical
pollution profile were performed at this
location. Power for all taxi momitoning
was provided by an FAA 13KW Diesel
electric generator

Location of the takeoff mamtoring
sites (12, 13 and 14) wa~ determined
through analysis of precursar measure
ments taken at sites 2 and 3. Site~ 12,13

B B e S RTINS PR SVAVEYY WDETY 1

Tower nstallation

spot-checked at Sites 15, 16, and 17.
Monitoring for queuing was initiallv
planned but then dropped because
queuing did not occur at the time of
Concorde departure.

Results

Between May 1976, and Feb. 1977,
the Concorde monitoring system re-
corded the pollution background on and
off the airport, and emissions from air-
craft single events during engine start
idle. taxi. and takeoff. Major emphasis
has been on monitoring the pollution
background and the emission plume
transport from a taxiing or taking off
aircraft

Background Measurements

Al major pollutants were measured
at Nite~ [ and 6. The back round was
measured o relate air quality on and off
the airport and to compare pollution in
the vicinity of the airport with the na-
tional ambient air quality standards.
These data are reported in References
6 9 and the analvsis will be described in
the final Concorde monitoring report.

Takeof! Measurements

Fmissions at Sites 12,13, and 14 were
measured from Nov. 1976 to Feb. 1077
Site locations are shown in Figure 3 and
measurements were taken at the three
downwind locations A characteristic
trace of the pollution time history is
shown in Figure 4. Cumulative peak
concentrations at different distances

Kmorme ths wasnmaminc anntarlinn ara nlattad

Taxi Measurements (Surtace)

Emissions at sites 4, 5 and 11 were
measured from May to Sept. 1976. A
characteristic plot of air quality during
Concorde plume passage is shown in
Figure 6. Cumulative plots of Concorde
and non-Concorde emissions are shown
in Figure 7. These data support the fol-
lowing trends.

1. The average peak CO concentration
for Concorde is 1.7 times higher than
the average concentration of the
other aircraft monitored at a location
200 ft downwind from the taxiing
aircraft.

2. Emissions from Concorde (and other
airplanes) disperse to background
levels before they reach the terminal
(2300 ft from the ramp taxiway).

3. The contribution of one taxiing
Concorde to the hourly average CO
concentration of all other sources is
less than (.1 parts per million (ppm)}
at Jocations as close as 200 ft from the
center line of the taxiway.

Taxi Measurements-—(Tower)

Two tower tests were performed a
single-tower test to determine vertical
plume characteristics and a double-
tower test to determine change in plume
characteristics between the two tow-
ers

The single-tower test was performed
on Nov. 1 through the 15th, using a 58 ft
tower with four vertical pollution intake
positions The second test was started
on Feh. 20, 1977, for a planned week
time period and consisted of the first 58

€4 tmeminm vith 00 halobhs lmnanana A4 00
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Table 11. Charactenstics of monitoring sites. A - e
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reduce to levels undetectable from the
background within 2000 ft of the taxiing
aircraft. Concorde (and other aircraft)
single-event emissions contribute less
than 0.1 ppm of CO to ambient air con-
centrations at locations as close as 200 ft
from a taxiing aircraft, when averaged
over a one hour time period.

Tower measurements show that the
hot emission plume tends to lie close to
the ground and does not rise signifi-
cantly at monitoring station locations.
Specific relationships between surface
and higher-level concentrations will be
evaluated later on in the program.

A-9

are the result of the dedicated efforts
and support of a number of persons
within the government and private in-
dustry.

David Chang. Don Muldoon, and
Thomas Thompson from Environmen-
tal Research and Technology, Inc,
provided, installed and maintained all
instrumentation and reduced the data.

Major Peter Crowley and Captain
Dennis Naugle of the Air Force Civil
Engineering Center encouraged the
tower test and provided funding for its
performance.

David Shearer and D. Bruce Turner
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Figure 9. Character:stic strip chart plots of wind and pollution (1ower dem-

onstration;

A simple model is being developed
from the measurement data The model
describes the downwind concentrations
of the emissions from a single aircraft
passage and sums up the emission con-
tributions of a number of single aircraft
passage= over longer time perinds

knowledaments

of the EPA. and Gordon Banerian of the
NASA. provided the technical sounaing
board to insure a meaningful program
John Curran and Melvin Watine of
the FAA Fastern Region, secured and
delivered the Diesel Electric generator
and electrical equipment in the short
time between the Secretarv’s Concorde
decision and the start of monitoring

tional Airports arranged for and per-
formed all ground support to the moni-
toring operation, including operation
and maintenance of the Diesel Electric
Generator. Their prompt response to
monitoring problems in the field was a
key element in the success of this pro-
gram.

Robert Logan of the FAA Eastern
Region, integrated the monitoring op-
eration into air traffic operations at the
airport.

Robert Chen of the FAA Cffice of
Environmental Quality, was intimately
involved in program technical review
and Concorde monthly report prepara-
tion.
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the influence of aircraft operations on
air quality at airports

Howard Segal
Federal Aviation Administration

Robert Yamartino
Argonne National Laboratory

Emission standards for aircraft engines were promul-
gated in 1973 after it was determined that these engines
were significant sources of pollution around airports.
Since that time, new information has become available
on the modeling and monitoring of aircraft emissions
and in March 1978 the Environmental Protection
Agency (EPA) announced its intention to amend the
1973 standards. Included in this announcement was the
establishment of a joint FAA/EPA air quality study
which included the reassessment of the impact of air-
craft emissions on air quality around airports. This
paper presents the results of this study which includes
the assessment of air quality at five commercial and one
general aviation airport. Also presented, are the pre-
liminary results of research performed since the com-
pletion of the study. It is concluded that aircraft emis-
sions have a smaller impact on air quality than had been
estimated in studies that were performed prior to the
promulgation of the aircraft engine emission standards
in 1973.

The 1970 amendments to the Clean Air Act' directed the
Environmental Protection Agency (EPA) to establish emis-
sion standards for aircraft and aircraft engines, if such emis-
sions are judged to cause or are likely to cause or contribute
to air pollution which endangers public health or welfare. The
1970 amendments also directed the EPA to conduct a study
of the extent to which aircraft efpissions affect air quality in
Air Quality Control Regions (AQCR) throughout the United
States. Based upon information available in the early 1970s,

Since that time, major advances have been made in the
techniques for monitoring and modeling aircraft emissions.
On March 24, 1978, a Notice of Proposed Rulemaking
(NPRM) was published in the Federal Register to announce
the intention of the EPA to amend the 1973 engine emission
standards. Included in the NPRM was the establishment of
a joint Federal Aviation Administration (FAA)/EPA air
quality study to relate aircraft emissions to ambient air
quality.

In setting up this air quality study, it was decided first to
review data generated both before and after the promulgation
of the engine emission standards to determine the complete-
ness of these data in establishing an air quality basis for the
engine emission standards. During this review, it was found
that the magnitude of the iritial pollutant dilution caused by
exhaust gas heat and turbulence was only first measured in
1976. Therefore, modeling results prior to 1976 could be
subject to substantial error. New pollution monitoring pro-
grams were then initiated to get additional plume-related
information. The resulting monitoring analysis programs
summarized in this paper involved the coordinated efforts of
the FAA, the EPA, and the Air Force, Argonne National
Laboratory (ANL) and Environmental Research and Tech-
nology, Incorporated (ERT). A detailed technical report has
also been issued.?

Approach

The need for engine emission control is determined through
the evaluation of economic, technological, and air quality data.
This paper addresses the evaluation of air quality data
through the modeling and monitoring of aircraft emissions at
a number of airports. Essential o this evaluation is the de-
velopment of good air quality data for model validation. But
it was not until 1976 that the emission plume from aircraft was

successfullv isolated from other airnort sources. This nlume



of the Concorde measurement program,® permitted the ver-
tical profile and trajectory of the aircraft emission plume to
be quantified for the first time. A typical event is depicted in
Figure 1 and an ensemble of such events, spanning a wide
variety of meteorological conditions and aircraft types enabled
development of a plume rise equation for taxiing aircraft ex-
haust plumes.

The pollution assessment strategy, which is described in
Figure 2, was directed toward quantifying the initial size and
height of the emission plume from individual aircraft prior
to the dispersion of this plume in the ambient air. This in-
formation was incorporated into the Airport Vicinity Air
Pollution (AVAP) model* which was then used to calculate
pollutant concentrations at the three large airports that were
evaluated in conjunction with the 1973 engine emission
standards.

Monitoring and modeling program characteristics at four
airports are listed in Table I. Modeling results made use of the
following *“worst case” conditions in an attempt to reflect the
implied meteorological and activity conditions of the
NAAQS.

Averaging time—1 hr

Pasquill/Gifford stability class—E

Wind speed—1 m/sec

Aircraft activity—Peak levels

Receptor location—750 m downwind from the runway/
taxiway. (This is the characteristic distance at which the
general public might first be exposed to pollution from
aircraft.)

Pollutant Considerations

Four pollutants emitted by aircraft. CO, HC, nitrogen oxide
{(NO) and nitrogen dioxide (NO;) (NO + NO, is referred to
as NO, ) have been judged in the past to be significant. Only
NO; and CO are considered in detail in this paper because
their concentrations can be directly compared to an appro-
priate NAAQS. The impact of aircraft HC and NO emissions
on oxidant levels was not addressed in this study because of
the state-of-the-art limitations in the modeling and related
monitoring of photochemical reactions, especially when the
reactive species are not well defined. The rationale for possibly
controlling these precursor poliutants must arise from other
considerations.
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wind 270"“\‘
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Figure 2.  Analysis procedure

Measurement and modeling results at five airports are
summarized in Figure 3. Aircraft related concentrations have
been determined through: statistical analysis of measure-
ments, submodeling of aircraft operations at airports, and
AVAP modeling of aircraft operations at airports. While there
are uncertainties in each of these analysis methods, the use
of three independent methods permits one to make a com-
parison of the consistency of the three results.

The right hand column of Figure 3 represents the results
of the statistical analysis of pollution measurements after the
background had been subtracted. The values selected are
based either on data extrapolation to reflect the one-hour per
year that the short-term standard may be exceeded or else on
the average number of flights per hour times the average dose
impact per flight to reflect the annual standard. The middle
column represents hourly average concentrations that were
estimated with a submodel that had been verified with mea-
surement data. The left hand column represents the hourly
average concentrations determined with the AVAP model,
after it has been adjusted to reflect measuremcnits of initial
exhaust plume size and height, peak aircraft activity levels,
and observed aircraft times in mode. The three airports used
in the AVAP assessment were the same airports assessed m
conjunction with the 1973 engine emission standard: John F.
Kennedy (JrK), O'Hare International (ORD), and Los An-
geles International (LAX).

CO Concentrations
In the right hand column of Figure 3 it is seen that a peak
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aircraft that were operating at Lakeland Airport, FL. Sub-
model calculations at LAX (middie column) and AVAP cal-
culations at JFK, ORD, and LAX (left column) all yield peak
hourly CO concentrations in the range of 4-7 ppm.

From all these data, it is seen that no estimate of peak
hourly average CO concentration, at a source-receptor dis-
tance of 750 m, exceeds one-fifth of the NAAQS for CO.

+

NO, Concentrations

Measurement and model results have been compared with
standards, taking into account the number of times that the
standards can be exceeded. Two types of standards were
considered: a long-term NAAQS (one year arithmetic mean)
and a possible short-term standard (under consideration).
Since one would expect this possible short-term standard to
reflect the characteristics of other short-term NAAQS, this
study employs concentration averaging times of 1 hr with an
expected exceedance of one time per year.

NO; data have been analyzed to reflect both long and
short-term standards. With regard to the long-term NAAQS,
0.005 ppm has been measured at 300 m from the source when
aircraft depart at an hourly rate of 10.1 airplanes/hr. These
data are shown in Figures 3 and 4. Even allowing for an ad-
ditional factor of two variation resulting from seasonal vari-
ation of oxidant levels and/or wind direction, such levels, while
small relative to the long term NAAQS, would be even smaller
at the 750 m source-receptor distance used in this study.

Study data were also processed to reflect short averaging
times, since a possible short-term standard® appeared immi-
nent at the time that the study was staried. As of the writing
of this paper, the possible standard had not materialized. A
different criterion was therefore sought. In 1977, a World
Health Organization (WHO) task group selected 0.5 ppm (1
hr average) as their estimate of the lowest observed health

Table 1. Characteristics of pollution monitoring programs.

effect-level for short-term exposure.? This value is plotted in
Figure 3. (The 0.5 ppm limiting level is not to be considered
a standard which would have to include an adequate margin
of safety.)

The decision on how much NO: is chargeable to aircraft is
difficult to make since NO, is generated both in the engine
during combustion and in the ambient air through the reaction
of ambient pollutants, including ozone, with engine produced
NO (approximately 95% of engine NO, is released as NO).
While most ambient pollutants react quite siowly with NO,
Q3 reacts very quickly with NO making it the predominant
precursor-NO reaction at close-in locations (less than 1000 m
between source and receptor).

Recent measurements of the 03-NO reaction in aircraft
plumes at O'Hare International Airport (ORD) have sup-
ported the “ozone limiting” approach for estimating total NO,
concentrations from aircraft at close-in locations. Using this
approach, the NO; values listed in the AVAP column of Figure
3 were determined by adding the NO; produced in the engine
to the NO; produced by the reaction of engine produced NO
with ambient Os;. Since there is usually a surplus of NO at
critical pollution assessment times, O; concentration is the
major limit to the amount of NO, produced in the ambient air
at close-in locations. Since high O; levels would be expected
during worst case conditions, the limiting level of the O,
NAAQS (0.12 ppm) was assumed. As a result, 0.12 ppm of O3
would react with an equivalent concentration of engine pro-
duced NO to produce 0.12 ppm of NO,.

This 0.12 ppm, when added to the 0.02 ppm produced in the
engine results in a total NO; concentration of 0.14 ppm. This
value is plotted in the left hand column of Figure 3.

The NO; value of 0.2 ppm in the right column represents
the average of the NO; values determined from DCA mea-
surement data. Again, as with the CO and NO, data reported
earlier, concentrations at the measurement distance of 300 m

Aircraft Documen-
Activity tation
, Monitoring Monitoring (Departures Types of Relevant Date and
Airport Objective Technique Duration Mode Per Hour)  Aircraft Model Reference
CO Monitoring
Dulles Define low thrust Three-80 ft vertical 1yt (5/76- Taxi Moderate- Commercial Research 12/77 Ref. 3
Interna- plume dimensions  towers 5/77) (11/hn) (all types)  submodel
tional and rise for for AVAP
(IAD) inclusion in AVAP improve-
ment
Lakeland, Model Verification Precise recording of 1 week (Jan. Taxi Very high-  General Simplex 1/78-Ref. 5
Florida for very high aircraft activity 1978) (273/hr) aviation
activity taxi queue  and pollution
of general aviation  dispersion
aircraft
Washington- Monitoring of High rate data 1-2 months Queuing High-(20/hr) Commercial 7/80-Ref. 2
National emissions from logging of (Jan.-Feb. (Prior to (short 1980-Ref. 6
(DCA) queuing aircraft st  concentrations and 1979) take-off) range only-
congested airport meteorological 727,737,
parameters (one DC-9)
* ‘data point every 3
sec.)
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Figure 3. Summary of modeling and Measurement data

shown in Figure 4 would be even lower at the characteristic
750 m source-receptor distance used in this study.

MC Concentrations

The results of AVAP modeling at JFK, ORD, and LAX,
tabulated in Figure 3, indicate that peak hourly concentrations
from aircraft are approximately 5 ppm. Since there is no HC
NAAQS, this concentration cannot be related to any partic-
ular standard.

Conclusions

Data from Figure 3 on the impact of aircraft emissions on
air quality can be summarized as follows:

For CO, 1 hr average concentrations do not exceed 7 ppm
when concentrations are determined under conditions
compatible with the NAAQS. This value is small relative
to the 35 ppm limiting level of the NAAQS.

For NO,, annual average concentrations are only 10-20%
Aftha RTAANG Ok nes e RIM o af . _nz.d

The impact of aircraft HC (and NO, ) emissions on oxidant
levels are not addressed in this study because of the state-
of-the-art limitations in the photochemical modeling and
monitoring of aircraft emissions.

CO and NO; pollution from aircraft appears to be small
relative to pollution limits in the NAAQS. This is caused by
enhanced initial dispersion due to the heat and turbulence

5y Stope=0.4610.05 ppb/depsrture 'hr
avgy departure rate of 10.1 planes’hr
sannuat impact=4 6 ppb

20} NAAQS~50 ppb
2 $=0.50
g
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associated with jet exhaust plumes and the strong localization
of aircraft emissions at areas near the ends of runways and,
consequently, quite remote from locations of public exposure.
These factors, not present in the case of automobile pollution,
act to mitigate the significance of pollution from aircraft.
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INTRODUCTION

Atmospheric dispersion models are mathematical expressions that combine
source emissions with meteorological parameters tc produce air quality
estimates at specified receptor locations. At airports where many
sources and receptors are imiolved, refined models such as the Airport
Vicinity Air Pollution model (AVAP)(1l) are used to determine air quality.
However, where few sources and receptors are involved, screening models
are very attractive for identiying the need for further analysis with
the more refined models. This report describes one of these screening
models, SIMPLEX "A".

This report describes the mathematical basis for the model, lists the
program, and explains the steps taken to compute pollution dosage.
Special program features are described and two sample problems are
solved.,

The experienced user, who is primarily concerned with running a specific
problem, may bypass the descriptive sections of this report and proceed
directly to the "Sample Problem-Program Operation' section on page 5.

MODEL DESCRIPTION

SIMPLEX "A", which has been programmed for the Hewlett Packard 67 amnd 97
desk calculators, addresses emissions during takeoff. Additional SIMPLEX
models are being developed to determine the air quality impact from
taxiing and queueing aircraft as well as from ground vehicles at the
airport. The model is particularly useful at small airports and at

those airports having only a few dominant sources.

SIMPLFX "A" uses the same Gaussian formulation employed in many of the
refined models listed in the Environmental Protection Agency's (EPA)
guidelines on air quality models. It accomplishes its function by
simplifying many of the detailed features of the more refined models.
The model is an integrated puff model for an accelerating point source.
Downwind receptors are assumed to be at gro -d level (z=0) and receive
pollution doses from each emission puff. Figure 1 describes the source-
receptor geometry where the dose from each emission puff is summed at a
receptor to give a total dose due to a complete takeoff event. Concentrations
are measured in parts per million (ppm) of Nitrogen Dioxide (NO,) where
the complete conversion of Nitrogen Oxides (NO_ ) to WO, is assumed. In
cases where Carbon Monoxide (CO) concentration§ are required, NO
calculations can be factored appropriately. The total dose at point
¥X,y,0 1is given by the equation:

Q RS Y “:]
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SYMBOL DEFINITION UNITS
V= receptor exposure of dose ppm-sec. (NOz)
X = downwind distance in the direction
of the mean wind meters (m)

Y= crosswind dis'ance m
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2 = height above ground level m
gaf- standard deviation of plume concen-

tration in the vertical direction m
(T~/T= standard deviation of plume concen-

tration in the crosswind direction m
U = wind speed m/sec
CA; total emissions during an emission

release grams
H = effective height of emissions m

The program is printed out in Figure 2. The registers, labels, inputs
and outputs are listed in Figures 3 and 4.

SPECIAL PROGRAM FEATURES

Standard Deviations of Plume Concentration (sigma @)

A subprogram was empioyed to determine the standard deviation of plume
concentration in the horizontal (crosswind) and vertical directions.
This subprogram was based upon the assumption that pollution disperses
according to the power law exprescsion.

. b . . ,
2 g = Kx or, in strezight line form

3 LogQJ= b Log x + Log K

The exponent "b" zoverns the rate of pollutant dispersion and the coefficient
"K" depends upon atmospheric stahilitv.

Analvsis of the Pasquill/Gifford curves* (3) used in most dispersior
models shows that for stabilitv classes "B'" through "E", single straight
lines are approximated whenGyv and 0z values are plotted logarithmically
against downwind distance up to a source-receptor distance of 1000
meters. It is also seen that these straight lines have the same slope.

With the realization that € as a function of four stabilitv classes can
be reprecented as single straight lines with the same slope (0.9),
equatien 2 can be rewritten as:

]
>

- U- AN 1)(

5 Tz = }\ZX when x does not exceed 1000 meters

The values of K, and K, which are listed in the program printout (Figure
2) were obtainecli bv sofving equations 4 and 5 for K1 and K2 after
substituting values for x,(Ty and 0 z.

The program not onlv allows for calculation of they and Tz values in
equations 4 and 5 but also has provisions to input values for initial

sigmas (6"0z andg™ ) in order to account for the enhanced dispersion
d s Fhn hat hinh woalacity iat exhaust. (This enhanced disnersion
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Because of technical difficulties, it has not been possible to determine
Jo values from measurements taken at airports during high thrust airplane
takeoff. However, plume measurements have been made during low thrust
operations at Dulles (4) and Los Angeles International (7) airports.
Average values from measurements taken at these two airports (8 meters
for 0'02 and 16 meters for U'oy) are incorporated in the model.

Plume Height

Because of the lack of experimental data to support plume rise theories
for taking-off aircraft, special plume rise algorithms have not been
incorporated into the model. While research is planned in this area,
until this research is completed, it was assumed that the plume height
was at least as high as the airplane engines. An average value for this
parameter is four meters for airplanes operatng at a typical large
airport.

Stability Class

Pasquill/Gifford stability classes "B", '"C", "D", and "E" are expected
to prevail at the ajirport during the times of air quality assessment.
Turner (3) gives a detailed description of the characteristics of each
stability class. A particular stability class is identified by a range
of wind speed, solar radiation intensity, and cloud cover. Values for
these parameters can be obtained from local National Weather Service or
observer personnel.

Winds

The coordinate system is oriented tc the runway on which the aircraft
are assumed to be operating. Since aircraft usually take off into the
wind, wind angles are measured only from 0 to 90 degrees on either side
of the runway. For example, a zero degree wind would blow directly down
the runway; a 90 degree wind would blow perpendicular to the runwav,.

Acceleration

Aircraft performance manuals can be used to determine acceleration
during takeoff. However, the program has been structured to accept an
average takeoff acceleration and performance information should be

adjusted to average acceleration values.

Emission Tail

During the operation of a jet engine, the high velocity of its exhaust
gases creates an emission tail which can extend for a considerable
distance behind the aircraft (Figure 5). This tail is simulated by
assuming a value for its length and b; assuming a finite number of
points along the tail at which emissions are considered to be released.

— Nhanxatdoma nf ehn tall Taeanth Af n rimhar ~f advnvafr anahYad +ha
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The program assumes a 225 meter emission tail with three emission release
points located 75 meters apart in the tail (see Figure 5). The model is
programmed to index the emission starting point 75 meters further down
the tail after each iteration sequence is completed. The first and last
points in the tail are 37.5 meters from the ends of the tail. (The tail
starts at the exit plane of the engine.)

Vertical Dispersion Lid

Calculations under a variety of assessment conditions showed that a 11d
on vertical dispersion, i.e. an inversion "cap", had an insignificant
effect on concentration at the short downwind distances (less than 1000
meters) employed in assessing aircraft pollutant {impact. An algorithm
to account for this phenominon is, therefore, not included in the program.

Jteration Interval

From past program use, a one-second iteration time is recommended.
Using this iteration time interval, the dose calculation can be completed
in less than 15 minutes at a source receptor distance of 300 meters.

Dosage Output

Total dosage is printed out at the end of each iteration sequence. The
program is stopped when the dosage reaches a maximum value. Output
units are parts per million-seconds (ppm-seconds). To determine the
average concentration over a one-hour time period (for compatability
with a particular short term standard) the dosage must be divided by
3600 seconds.

SAMPLE PROBLEM

The step by step procedure for solving the sample problems is described

in this section. While this procedure is structured for a single aircraft,
the same procedure can be used for any number of aircraft by treating

them as one large aircraft.

Preparation of Data For Program Execution

From Figure 1 it is seen that the Case 1 receptor is located 337.5
meters downwind from the aircraft (as measured along the runway) and 200
meters abeam of the runway centerline. The Case 2 receptor is located
262.5 meters upwind of the aircraft and 100 meters abeam to it.

The objective of this problem is to determine the air quality impact of
747 NO, emissions (reported as NO;) during takeoff. During this takeoff,
it was assumed that a 5-meter per second wind was blowing at 30 degrees
to the runway centerline and that Pasquill/Gifford stability class "E"
prevailed. The 747 was assumed to have a constant takeoff acceleration

zZ
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The following procedure was used in solving the problems:

Source emissions were obtained from AP-42 supplement 10 (8), where 747

NOx emissions are listed at 215.3 kilograms per hour per engine or 60
grams per second per engine. Since the 747 has four engines, the total
emission rate was 240 grams per second. To accommodate the three emission
release points in the "tail" (see Figure 5) this rate was divided by 3

to reduce its value to 80 grams- per second per "tail" release point.
Selecting an iteration time of one second and multiplying it by the
emission rate results in the release of 80 grams of NO_ per puff.

¢o, and Oby values of 8 and 16 meters respectively were selected from
the Standard Deviation of Plume Concentration section of this report and
a plume height of 4 meters was selected from the pluvmc height section.
The beginning time was set at zero by inputting the iteration time (one
second) and assigning a negative sign to it. The Case 1 receptor is
downwind of the aircraft giving it a positive sign (see Figure 1). The
Case 2 receptor is upwind of the aircraft giving it a negative sign.

The airplane to receptor distance is converted to a 'tail" to receptor
distance (at the first "tail" emission point, see Figure 5) by subtracting
37.5 meters from the former to uniformly space the three tail release
points over *the 225 meter tail length. The resulting distance between
the receptors and the first point in the emission tail is +300 meters
for Case 1 and -300 meters for Case 2.

Program Operation

Load the Program

Before loading the program the "on-off" switch should be in the “on"
position and the "run-program' switch should be in the "run" position
(for the HP-97 the 'trace-manual-norm” switch should be in the "manual”
position). The program can then be loaded into the calculator by first
pushing the number 1 end of the magnetic tape strip* into the slot in
the upper left hand portion of the HP-97 calculator. (On the HP-67
calculator the slot is located on the right hand side.) When the strip
comes out the other side, turn it around to the number 2 end and push it
through the slot a second time. The program is now loaded into the
calculator and the tape strip which has come out the back .of the calculator
can be stored in the horizontal slot just under the calculator switches.

Input Data

Inputs for the Case 1 and Case 2 problems are listed in Figures 6 and 7

and a printout of the results is listed in Figures 8 and 9. The Case 1
problem is solved by first entering the values for the six input parameters
listed in Figure 6 into the Primary Register by depressing the following
keys: 80 STO 0 8 STO 2 4 STO B 30 STOD 1 STO E 5 STO I. Any input
errors can be erased by depressing the CLx key or by turning off the
calculator, restarting it and reloading the program.

* This tape strip can be obtained by contacting the Federal Aviation

Y ~—r . AnA = 2 2
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After the primary register has been loaded the secondary register is
loaded by depressing the following keys: "f" "P-S"+ 300 STO O 200 STO
4 16 STO 6 1 CHS** STO 7 1.3 STO 8 "f" "p-S*.

Program Execution

The program is started by depressing the "E" key for the assumed "E"
stability (The "B'", "C", and "D" keys will start the program for "B",
"c", and "D" stability classes respectively). The resulting three
numbers printed out on the HP-97 or displayed on the HP-67 after each
iteration is completed are; (1) time (in seconds ) from the program
start; (2) distance (in meters) that the point in the emission tail has
moved down the runway; and (3) total dose (in ppm-seconds) that the
receptor has received.

It is noted that after 20 iterations, the dose value will reach a
maximum of 82.16 ppm~sec. This value represents the dose received at the
receptor from the first emission release point in the "tail". When the
dose converges on this maximum value (when all concentration digits
remained unchanged out to the second decimal point) the R/S key is
depressed to stop the program. The "A" key is then depressed to clear
registers and index the starting point to the second tail position. The
“E" key is then depressed a second time to start the next computation.
Again when the dose value levels off at 55.59 ppm-sec., the "R/S" key is
depressed to stop the program. Depressing the "A" key and then, after
the display stops flashing, the "E" key, permits the last computation to
be completed which results in a dosage of 40.85 ppm-sec. for the last
tail point. After reaching this last convergence value, the program is
terminated by depressing the R/S key. The person making the calculation
can then sum the three dose values and divide them by 3600 to produce a
one~hour concentration of 0,05 ppm.

CONCLUSIONS

The method, limitations and use of the SIMPLEX"A" model have been described.
The program can determine concentrations from departing aircraft and has
the flexibility to easily accept parameter changes. It can treat either
single or multiple events and permits air quality calculations to be

made by persons without an extensive computer background. The model can
assist in determining the impact of aircraft emissions on air quality in
conjunction with requirements for controlling engine emissions and can be
used as a screening tool in evaluating the air quality impact of proposed
Federal actions at airports.

# The P~S command is input by depressing the "CLx" key on the HP-97 and the
"CHI" key on the HP-67 calculator.

% Negative numbers are entered into the Hewlett Packard calculators by

depressing the appropriate number key followed by the 'CHS" key.
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Figure 1

SOURCE~RECEPTOR GEOMETRY DURING TAKEOFF
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Figure 2

PROGRAM PRINTOUT
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Figure 3

REGISTERS AND LABELS

REGISTERS

Primary

HEHOOW» OONOALEWNDHO

emission rate
"x'" distance
initial sigma
zero register
sigma "z'" exponent
sigma "y" coefficient
sigma exponent
sigma "2" coefficient
total distance (1+43)
sigma UPal

Sigma "yll

plume height

"y" distance

wind angle

iteration time

wind velocity

"z"

Secondary

v wN-=O

O 00~ >

LABELS

A

fixed source receptor distance along runwav

plume rise factor

dose summation

sidewind "y" factor

fixed distance -receptor to runway

variable distance between source and receptor in the runway
direction

initial sigma "y"

time at runway location

acceleration

hypotenuse ("h" in Figure 2)

program to clear registers and make required inputs for
new iteration sequence

B,C,D,E, Storage of coefficients and exponents for sigma

[e- Bt I BV S

o

calculations - stability classes B,C,D,and E
subroutine for Label A
subroutine for Label A
subroutine for Label A
subroutine to switch registers
main program to move airplane along runway and to
calculate dosage

muchwannbdean Af Takat 0
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Figure 4

INPUTS and OUTPUTS

INPUTS
Item
Primary Register (P)

source emissions over
duration of event-
emission rate x iteration time
initial sigma "z"
plume height
wind angle
iteration interval

wind velocity
Secondary Register

fixed source receptor distance
along runway

fixed distance from receptor
to runway

initial sigma "y"

beginning time

acceleration

OUTPUTS

total elapsed time at
iteration

fixed source-receptor distance
along runway

dose sum

Units

grams
meters

meters

degrees

seconds

meters per second

meters
meters
meters

seconds
meters/sec/sec

seconds

meters

parts per million sec.

Keys

Sto
Stc
Sto
Sto
Sto
Sto

HMOwWNNO

Sto O

Sto
Sto
Sto
Sto

0o~ OB

Prnt 7

Prnt O
Prnt 2
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EMISSION TATL GEOMETRY
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Figure 6
SAMPLE PROBLEM INPUTS - Case 1

INPUTS
Item No./ Units

Address Primary Register
source emissions **over
duration of event
(emiss. rate x iter. time)

( 80 gm/s x 1 sec. ) 80 grams
initial sigma "z" 8 meters
plume height 4 meters
wind angle 30 degrees
iteration interval 1 second
wind velocity 5 meters per second

Address Secondary Register

fixed source receptor distance

along runway +300 meters
fixed distance from receptor

to runway 200 meters
initial sigma "y" 16 meters
beginning time *** -1 second
acceleration **x* 1.3 meters/sec/sec

Readdress Primary Register

* Applicable to both HP-97 and HP-~67 calculators except that the

Keys*
none
Sto O
Sto 2
Sto B
Sto D
Sto E
Sto 1
f, P-S
Sto O
Sto 4
Sto ©
Sto 7
Sto 8
f, P-S

wind velocity is loaded into the HP-67 calculator by depressing

the black "h" key followed by the black lettered "ST I" key.
** Possible data source ~ (7).

*%% For a beginning time of zero, the negative value of the iterative
duration must be input. This is accomplished by entering the

duration value followed by the ''CHS" key.
**%% Possible data source - Aircraft Performance Manuals.

wind - 5 m/s

200
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Figure 7
SAMPLE PROBLEM INPUTS - Case 2

INPUTS
Item No./ Units Keys*

Address Primary Register none
source emissions **over

duration of event
(emiss. rate x iter. time)

( 80 gm/s x 1 sec. ) 80 grams Sto 0
initial sigma 'z" 8 meters Sto 2
plume height 4 meters Sto B
wind angle 30 degrees Sto D
iteration interval 1 seconds Sto E
wind velocity 5 meters per second Sto I

Address Secondary Register f, P=S
fixed source receptor distance
along runway =300 meters Ste 0
fixed distance from receptor
to runway 100 meters Sto 4
initial sigma "y" 16 meters Sto 6
beginning time **% -1 seconds Sto 7
acceleration **#% 1.3 meters/sec/sec Sto 8
Readdress Primaryv Register f, P=S

* Applicable to both HP-97 and HP-67 calculators except that the
wind velocity is loaded into the HP-67 calculator by depressing
the black "h'" key followed by the black lettered "ST I" key.

** Possible data source - (7).

**% For a beginning time of zero, the negative value of the iterative
duration must be input. This is accomplished by entering the
duration value followed by the "CHS" key.

*%%x% Possible data source - Aircraft Performance Manuals.

receptor

wind = 5 m/s

100
300

Tunway
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Figure 8

RESULTS - Case 1
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Figure 8 (CONT.)
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RESULTS - Casge 2
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NOTICE

The United States Government does not endorse products or manufactures.
Trade or manufactures's names appear herein solely because they are
considered essential to the object of this report.
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Microcomputer Graphics in Atmospheric Dispersion Modeling

Howard Segal
Federal Aviation Admimistration
Washington, DC

Detatled atmospheric dispersion models such as Airport Vi
ity Arr Pollution CAVAP - or Pomt Area-Line tPALY can
svorousiy model air quality at mawr airports, However, at the
~maller airports Where fewer eNissiol ~ources are present or
at the larger airperts where detailed analvses mayv not he re-
quired. a well designed ~creening model can save considerable
time and money Microcomputers equipped with graphics
tabiets are particularly attractive tor this apphication since
they are inexpensive (thev can be purchased tor fess than
Sk and can instantaneously accept source and receptor
sordinates directiv from a base map with hitle chance ot a
transcnbing error
Thi= paper describes the ~peaial teatures ot a multiple
~onree sereening model which has been programmed for a
microcomputer equipped with a graphies tablet and having
xk of random access memory Microcomputer configuration
i~ ~hown i Figure T The miodel acronvm i« GIMM «Graphical
Input Microcomputer Modell and it~ status, features and
results are presented.

Mode! Status

GIMM i< an outgrowth of an earhier aircraft model. Simplex
‘A7 which was programmed tor a desk calculator. Simplex
A7 was developed to fulfill the need tor a <creening model tor
arrcraft sources. With the advent of microcomputers. Simplex
AT was reprogrammed to further simphtyv the assessment
process. During this reprogramming. a method was developed
tinstantaneously input source and receptor coordinates into
the microcomputer directly from a base map with httle chance
ot atranscribing error. This approach, which appeared <o ef -
tec tive for aircraft sources, was then applied to other airport
~anrees such as roadwavs, power plants, parking lots. ete.in
order 1o eliminate input errors and simplify model usage.

Algorithms for each of these sources were then hatched to-
e e e PO R T, SOREUIRIS A T & N S DTS NP

Figure 1. Microcomputer cont:Guration for Jispers.on mode ng

velap emission and dispersion models tor use by field per.
~onnel.

Model Features
Point and Line Source Considerations

Concentrations from point and line sources are determined
with the classical point source equation

. ( 1
A ’4———9.\;)
T a.u

l

_[ﬁ]

o[ e

\

vl

The above equation, which 1= used once tor each pomnt source,
is used a number of times iteratively tor line ~ources. Con-
centrations from line sources are determined by dividing a lin

B ' [
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Figure 2 Scurie-rerer'dr gecme'ry at Wasringion Nat-onat Avport

Area Source Considerations

\ e decision has not heen made on whether toocen-ider
e ~clTUes ds points of lines Because points can be processed
“eoter than lines and becanse they can he organized inte am
~inaped area, a pomnt assumption was initatly used. Coordr-
roates of each paint are entered into the computer via a pen
st ached toa grapines tablet This cperation s quite tastoone
point can be entered inte the computer and concentrations
cecilated indess than three seconds. While mine poants were
dsed tosimulate the short-term parking area at Washington
National Arrport DO AV Figure 20, the use of additional cor
fewert pomnts s under investigation to help arrive at an opt
moim nnmber of paints to emplovan area source simula
Tiem

Accelerating Point Source Considerations

Uhe aigorithm tor accelerating point sources 1~ described
i detabin the Simplex A7 Users Gaide This alzonithmos
Wasedipon the assumption that an accelerating point source

e ataking off arorato releases its emis<ions ds a series of

dome~ Figure & <hows the ~otirce receptor seometry which

Receptor —‘ -  Wind

To Crestar City

D-3

[ ——
@'f ® Receptor
& Taxi queue

\ - .

// i
Main terminal 3’&_/‘ (:>‘& Departing A
_} aircratt

Narth
-—

I

emplove the tollowing eguation.

. Lo Wy n .
= exp = |
- "L { .

ol

The dose~ trom each T emission putt ars sammed to one
the totalb dese art areceptor due Te g nmplete takect! event
The program tcps when the mcrenintal dose imerease he
Comies insEnitieant Since the air quality impact of the maror

Hreraft poibutants becomes insnticant at only ~hoeet dis
tances above th e croand,  chimboont and descent alzorrhme

have been omitted from the GIMM program
Results

[nordertodetermine how long itwonld take roenter data
m GININ and runat astandardized <cenarie hated m the PAL
Uwer's Guide was used This <cenaric consisted ot a coma
nation of 19 point, ared. line. and accelerating aireraft sources
and 5 receptors, GIMM accepted these data in 15 mnand
calculated coneentrations in 1 h. Corresponding times tor
an actual airport {DCAY were 10 min and 1, h respectively.
Aircraft <onrces afone were then run with the GIMM madel
tor 3 source-receptor scenarios Hi=ted m the PAL User's Ginde
Two versions of GIMM were emploved: the tirst with lower
computational accuracy but higher computer execution speed.
and the second with higher computational accuracy but lowes
computer execution speed. The higher speed version. which
increased execntion ~peed by 257 was aceomphished through
a power law 1t rather than a yuadratic t1it to the Pasquill
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APCA NOTE-BOOK D-4

Wind Angle 360"
Wwind Velocity 2 m/s
Stability Class D

1210
- PAL
GIMM
Quadradic Curve Fit
E y 7%,
o ~ l
c v
2 ~ 42°%¢
3 GIMMm ’
€ {Powe’ Law Fit — .
4 Constant Exponent|
€
Receptor Locations
1 2 3 4 5
tx10° - - -
0 1000 2000 3000 4000 S000
Runway to Receptor Dist (Meters)
Figure 4 " orient o gt T eremt 2 gnces on the tuT w

poweriaw versionat the cnese i distances and the guadratic
ver~ieroat the turther ot distances Key questions heng
consich red ane Mo ecirate does the compatation have
te o he o What e citean time as acceptable™ G Whan

source-recepter distances are hels 1o he used”

Conclusions
Fhe porti dar Sstrengto o o o rcompater an compley
socimor Desde i s zrapt oo mpest capabaing . This el

Vanbade b parthoinarls dset i when 1t s necessary toanput g
lamar mnmber of sonriess sach as one would tind e oanoarr
port irhase or other complex ~onree !

A microcompate s model appears teastble tor sereeming
prrpeses bec vise 1t does nol requife excessive computer run
tme and s compartationa! results compare favorahly with
those ot anestabhshed FPA miode! The model appears ta be
partionary user triendlv and theretore requires e tech
nical =aneryision of the peeson domng the modehing. The miodel
shonid alscomiprove the quality of an assessment eftort he
caitse o the precise manner i which source and receptor e
torn. e s entered intoc the coniputer

Nomenclature
H = effective height of emissions
@ = emission rate
& = total emissions released during a tinite time period
u = wind speed
X = receptor concentration
x = downwind distance in the mean wind direction
v = crosswind distance
a. = standard deviation of plume concentration in the

crosswind direction

standard deviation of plume concentration in the
vertical direction

¥ = receptor exposure or dose
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SUMMARY

Most pollution from aircraft at Stapleton International Airport (DEN) is

the result of pre-takeoff delars. These delays result in aircraft queues
which increase the time that aircraft engines must operate on the ground.
In just about every case these queues, and the pollution they create, are
reduced or completely eliminated when new runways are added.

This conclusion was based upon current estimates of peak hour motor
vehicle and aircraft activity at the airport and the application of these
peak hour values to all hours modeled, This approach provided
conservative air quality estimates for the two 8-hour meteorolgical data
sets provided by the Colorado Department of Health (CDH) since both data
sets extended into the late evening hours where there was little aircraft
or motor vehicle activity.

A major result expected from the runway expansion at Stapleton
International Airport 1s reduced delays and therefore reduced poliution

from aircraft,.
BACKGROUND

At the request of Colorado Department of Health (CDH), the Federal
Aviation Administration (FAA) conducted an analysis of motor vehicie
pollution at DEN. This study was performed in conjunction with the runway
expansion Investigations at the airport, On July !, the documentation of
this study was transmitted to the CDH as report FAA-EE-84-7 (Reference 1).

After reviewing this report, the CDH requested the following information:

1. An assessment of pollution from both aircraft and motor vehicles
using two sets of B-hour meteorological data provided by the COH,

2. An assessment of the pollution $rom motor vehicles and aircraft
using I-hour *worst case®” meteorology. This assessment would
consist o4 the addition of aircraft to the motor vehicle analysis

of Reference 1.

3. The expansion of the motor vehicle analysis of Reference | to
inclyde a wider variety of wind directions. The CDH recommended
that wind directions of 180, 200, 225 and 330 degrees be modeied
since only westerly wind directions (240 and 270 degrees) were
moudeled in the original study.

4. Nitrogen oxides (NO,) estimates.

S. A determination of the air quality impact of motor vehicles at
the 1-70/Quebec Street interchange. (Vehicular flow rates to be

- the ]-70/Quebec Street
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DISCUSSION i

The air quality impact of the runway expansion program at DEN was
determined by calculating carbon monoxide (CO) concentrations at seven
receptors placed in the terminal area. The geometrical location of these
receptors as related to the runwars and roadways at the airport is shown
in Figures 1 through 5. The tool used in assessing pollution at the
airport was the Graphical Input Microcomputer Model! (GIMM) (Reference 2).

Two ®worst case® scenarios were prepared in order to calculate
concentrations from aircraft and motor vehicles operating at the existing
and expanded runway systems. Results from the first scenario analysis,
which included weather observations for two specific 8-hour time periods,
are plotted in Figures 6 and 7. 1In all instances aircraft concentrations
were reduced when the new runways were added.

Results from the second scenario analysis, which employed estimated *worst
case” 1-hour meteorology, is plotted in Figures 8 through 21. The highezt
combined aircraft-motor vehicle concentrations are shown in Figure 17,
These concentrations are significantiy reduced with the introduction of
the expanded runway system. Appendix B lists the computer reports from
which Figures & through 2! were prepared.

MODEL

GIMM is a complex source emissions/dispersion model with an emissions
front end which allows fast and accurate data entry and "what if*
analysis., The model, described in detail in Reference 2, is conceptually
displared in Figure 22.

GIMM is compared to two Environmental Protection Agency (EPA) models:
Point-Area-Line (PAL) and HIWAY 2 in Figure 23 and Reference 2., The
comparison shows GIMM results to be very close to those of the EPA
models.

Before running GIMM it was necessary to: (1) establish source and

receptor locations, (2) estimate vehicular activity, and (3) select source
emission rates,

Source and receptor locations are shown in Figures | through 5, and the
rationale for developing data on aircraft and motor vehicle activity and
emission rates is described below.

DATA DEVELOPMENT - AIRCRAFT

The EPA has identified four operational modes for aircraft pollution

sceacemant nurnmncac e talkanid ) imheané annrnAscrh sod bavwimidla | Caa Ak
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Only the queue and takeoff modes are included in the model analysis
because climbout and approach contribute very little to the pollution
burden at an airport (Reference 3). The queue times selected for this
study were 15 minutes for the existing runways and 3 minutes for the
proposed runway configuration. These times are consistent with
capacity/demand estimates in Reference 4. Appendix C describes the
adaptation of Reference 6 data to this study.

When making a screening analysis, conservative estimates should be used.
Peak vehicular activity was therefore used throughout this study. The
peak hour activity of aircraft was determined after reviewing
documentation on actual aircraft departures and estimates of these
departures that were listed in computer printouts from the Official
Airline Guide (OAG). Aircraft activity at 17200 hours on August 19, 1984,
was selected for this study. Eighty-one commercial, general aviation, and
air taxi aircraft were estimated to depart from DEN during that hour,

Emission rates were extracted from Reference 4.

DATA DEVELOPMENT - MOTOR VEHICLES

Roadway activity was calculated from hourly traffic counts obtained from
Centennial Engineering Company. Two traffic count data sets were provided
by Centennial Engineering--one covering motor vehicle activity on city
streets and the other covering activity along terminal roadways. Parking
lot activity was also observed on August 9, 1986. Traffic counts at the
Quebec/Interstate 70 (1-70) interchange were also provided verbally by
Centennial Engineering. From these data, a roadway throughput analysis
was prepared and vehicular flow on each roadway segment was determined,
The results are listed in Figure 5,

Traffic counts on December 20, 1985, and August ¢, 1984--two peak activity
times for motor vehicles--were used for this roadway analysis. The
traffic at the 1-70/Quebec interchange was not included in the modeling
analysis since we had not received these data from Colorado State
personnel at the time the model was run. This information can be easily
added to the study when received. Because of the great distance between
this interchange and the terminal, concentrations should change littie
when this additional data become available.

Peak hour activity was assumed for all hours modeled regardless of whether
the hour modeled was at a peak value or not, This approach provided
conservative air quality estimates for the B-hour data sets since both
B8-hour data sets extended into the late evening hours when there is
significantly less than peak hour activity.
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Item 1 -- An assessment of pollution from both aircraft and motor

vehicles using two sets of 8 consecutive hours of meteorological data
provided by the CDH,

Most pollution from aircraft is the result of pre-takeoff delays.
These delays result in aircraft queues which increase the time that
aircraft engines must operate on the ground. In just about every
case, these queues and the pollution they create, are reduced or
completely eliminated when new runways are added. A major result of
runway expansion at Stapleton International Airport will be reduced
delays and therefore reduced pollution from aircraft,

The air quality impact of motor vehicles alone is documented
in Reference 1 and Item 3 below.

Item 2 -- An assessment of the pollution from motor vehicles and aircraft
using l-hour "worst case' meteorology. This assessment would consist of
the adcdition of aircraft to the motor vehicle analysis of Reference 1.

The conclusion of Item 1, which was for the 8-hour analvsis, also
applies to the l-hour analysis.

Item 3 -- The expansion of the motor vehicle analysis of Reference 1l to
include a wider variety of wind directions. The CDH suggested the
modeling of 180, 200, 225, and 330 degree wind directions because only

wvesterly wind directions (240 and 270 degrees) were modeled in the
originai study.

After modeling the dispersion of pollutants under the four additional
meteorological ceses noted above, the assumption in Reference 1 that
the highest concentrations would occur at the three receptors closest
to the terminal was confirmed. However, the wind angle at which peak
concentrations occured changed. Revised peak concentrations are as
follows: Receptor 1 - 30 mg/m3 at a wind angle of 330 degrees;
Receptor 2 - 30 mg/m3 at a wind angle of 200 degrees; and Receptor 3 -
26 mg/m3 at a wind angle of 240 degrees. These values were obtained
from the passenger vehicle listings of Appendix A plus arn assumed
average concentration for buses of 1 mg/m3.

Item 4 -- NOx Estimates

For all the modeling runs, NOx as well as CO concentrations were
printed out, Appendix B lists these data.

Item 5 -- A Determination of the Air Quality Impact of Motor Vehicles at
the I-70 Quebec Street Interchange. (Vehicular flow rates to be provided
by the state.)

This portion was not completed because traffic counts which were to be
provided by Colorado State personnel were not received. However, it
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COMPARISON BETWEEN GIMM AND EPA

E-3I

Mg/M3

Automobile Sources

MODELS*

Receptor # 1 2 3 4 5 6 7

GIMM 0 .S 34.5 8.2 10.5 5.6 11.0

HIWAY2 0 .5 33.¢ 7.8 9.9 5.6 10.3
Aircraft Sources

Receptor { 1 2 3 4 5 6 7

GIMM 6.2 3.0 16.4 5.4 .0 .0 4.1

PAL 6.8 2.9 16.0 } 5.5 .0 l .0 4.0

*Highest Corncentration Case

East Departure
Wind from 155°
Present Runwav Cenfiguration
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APPENDIX A

PRINTCUT OF MOTOR VEHICLE POLLUTION
FCR DIFFERENT WIND DIRECTIONS - APPENDAGE
TO REPORT FAA~EE-86-7 (REF. 1)
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This appendix is a printout of the motor
vehicle pollution for roadways at Stapleton
International Airport. It repeats the printout
of wind directions 240 degrees and 270 degrees
in Ref. ] and adds the printouts for wind
directions of 180, 200, 225, and 330 degrees.
The date header on each printout represents

the dayv that the run was made.
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INCLUDED IN REPORT FAA-EE-86-11

. MO~ 2-86 (1450 WP,

H INSTE H Axd g

COLOWNUETIE OF BDORCES 000 INITIAL ! OEILE D) ; BiS10: RaTEs

CORIEIN AT (O, D) ' MRAVTIERS M) ! ;

: i ! A :

R C§IG ¢ 16 IPLUNEICABE/INFS e 0LD ITEN IYEAR: . oSt

SR XY YD X2 Y2 b Y YELLER L IsTatT (R HE HE 18 M 5. HE Sa X HEE =\ re
CoLrag, TOME, 2605 02t 100D 3 BID BU9BE GLBIEDD  A.6SE-ll 240Kl B.EVek:  5.03e
20, 382, 26105 13 M DIBLU D BI0D BI10B4l  DLANEDN  4.BEl!  R.EME-r 9.piElr 3,01Eed
Coa R, 20 AT, 82608 12 f1 L1000 20t 0500 U190 6.S9EAC: S.BGE-t  R.08E-+i E.eSE-  §.88E-2
DA I0Se, €230 1102, SOLILE M3 R L1001 8D BI0! G199Er Q3NN AMGE-S  D.E0E-Di  L.RSE-d!  6.37E-2
PSS S IM4C, SSIUNT 02 1t N3 8 Q0 QUPEE  EIENS S.0dE-il VEE-Dt L3Il §84E-l
Doe 0TI, ROLINME, G831y L1303 8t BIDr BNSSEY S.03E00 BPIE-11 6063 LATE-l 8070
CPMMNE, €220 63, SOLS U3 lr IRE S RIb 098K S.EM LESE-D:  G.0E-2! 1.4E-6 §.0%-3
CoRoR3, SRIOME. A0 13 N1 13000 20 0100 G9BE  6.20E0 G531 LOE-1 S.20E-6r 1.gEed
GO MR, AT A3, 4SS 3 G110 300 01N OUI9BE WLBECO!  €.34E-11  2.4%-11 BOIE-Q 5807
COI Y, R D AT LS 0Tt 11000 3 0D 8UI9BET LABEN!  .OVE-Dl S.955-20  LAI-r 4.@%E-2
HS DA 77 - Y 3 B! VIOt A% Bl lyeEst  3,25ENL:  3.i3E-tt 2.0rEelt &.%0p-4)  1.8%%-2
C128, BT &%, 015 T M1 1A TID 01986 .28E01T D06EOD.  2.00E00. 4062 1.6Li-
COI3OETI BN &t 005 13 1t w00 R BI0T 0UI8EE 10N 10310 S.TED! 1.36E-d 44%:-3
M4 &3, €S2 38, LS 1201t LA M0 QPR GFSE-ll A2 2852 BTEE 2,002
OIS OamL R 36, 26005 13 11 303 M0 RSBSOSl 40D 226E-3 S-S 1.852-2
Corel o4& 6%, 46008 3 N1 T8 DD 01986 B.MNL 24311 LMD BN 3033
| T § 9.SSII BLMAELLT  3.9BEND 8.3I-3 233
; B160ERS: 0 RESOHT :

: NS Vo UTPUT ;

COBEtT kg g BECERQE ! CODTRET 0% @43 :

: ¢ e e Vo :

: o COUNL LY Y D LB N L ONDC D SDY L ME

WY D016 1 & 1 1 NNIEL ASET 520,906 1. 9E-414, ddE-Di1, 0E-S:

- 2-BEA 11240 € 2 11302 SEE 12.00E-211 S4E-2-7.826-076 99E-217.98E-5"

WO 2506 10260 & 2 11086 6300 12.7E-2'2.166-018.61E4"1 08E-413.72E-8:

INTI 866" 112400 A & 1 790 ASD'  1E.BSI-316.19E-413.085-4'7.37E-7:12. 858"

INM- 2-00060 102600 40 5 BDD ACRD 11.13E-210.00E-3'6.64E-43.82E-'8. 208!

L 280160 1126 &L 6 1 A7 140 13.66E-0'3 A1E-S'1.01E-8 4 A0E-B:; . 6E-¢! ,
O T R TR B3 V1L20E-311. 186417, 036-5: 1. 62E-7:8. 6024

288!




APPENDIX B

GIMM PRINTOUTS FOR THE STAPLETON
INTERNATIONAL ATIRPORT SCENARIO
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Figures 6 through 21 were prepared from the
printouts listed in this Appendix. These data
include the following combinations of information:
1. 8-hour and l-hour analysis
2. motor vehicles and airplanes
3. existing and future runways
4. north and east departures
The interrelationship of these combinations is showmn

in Figure B-1.

To facilitate Graphics Tablet use, the wind direction
values listed in the printouts had to be referenced
from the top of the page. This required rotating

the maps of Figures 1 ~ 5 from a vertical north
orientation. The user of Appendix B data must
therefore subtract 90 degrees from all listed wind

angles to establish the true wind angle.

The graphics tablet relates all coordinates to a (0,0)
map crigin. Since the origin of the large scale map
(Figure 1) 1s (0,0), and aircraft coordinates

are entered from this map, these sources do not have
to be corrected. However, the coordinate printouts
for motor vehicles have to be corrected because thev

are entered Into the Graphics Tablet from the
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COMPUTER PRINTOUT SUMMARY

8 Hour Analyses

MOTQR VEHICLES

AIRPLANES

Existing and Future Runways

Existing Runways

Future Runways

Run #1]
East Departure
Run #5
Run #2
Run #3
North Departure
Run #5
Run #4

1 Hour Worst Cast Analsvis

MOTOR VEHICLES

ATRPLANES

Existing and Future Runwavs

Existing Runways

Future Runwavs

East Departure

Run #10

Run #6

Run #7

North Departure

Run #10

Run #8
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(THERE ARE OVER 100 OF THEM IN THE COMPLETE APPENDIY)
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b 1. Introduction

The aircraft pollution burden is determined by modeling aircraft queuing
emissions. A capacity/demand analysis is required to estimate this
burden, The demand portion of this analysis is described in section 3.3.1
of the main report. The capacity analysis is made by selecting
north-gouth and east-west runway configurations from Reference 6 that were
determined to be "worst case" with respect to air quality and therefore
appropriate for air quality analysis.

2. Runway Usage Selection for Air Quality Anaslysis

Departures to the east or to the north were selected as the approoriate
runwgy geometries to use in this air quality analysis. These two
geometries, which were part of the seven geometries listed in Reference 6,
were selected because they place aircraft emissions closest to the
pollution receptors at the terminal and, therefore, would record the
highest possible pollution values.

For each of the runway geometries listed above, two capacity values are
listed in Reference 6; one during flight under Visual Flight Rules (VFR),
and the other during flight under Instrument Flight Rules (IFR). The
values listed under VFR were sgselected for this analvsis because they
predominate under the '"worst case' meteorological conditions provided by
the CDPH.

3. Delay calculations

As was mentioned in the main text of this report (section 3.3..),

[ €1 aircraft were estimated to depart from the sirport during the peak
hour. For the existing configuration, these aircraft are assumed to
depart on two parallel runways either to the east or to the north.
Departures would therefore consist of 40 airplanes on one runway and 41 on
the other.

During the peak hour there would bc pressure to disperse these aircraft to
the third proposed runwav. Assuming an even split over the three runways,
the departure rates would be 27 aircraft per hour on each runway.

The total VFR capacity from Reference 6 is 150 aircraft per hour.
Assuming the takeoff portion of this capacity is 88 aircraft per hour or
slightly greater than one half, the following equation from Reference 7
can be used to calculate delays prior to takeoff:

q = demand (airc./hr)
T‘.’. %(60 min) Q = capacity (airc/hr)

Q(Q‘ 1') T = queue time (min.)

_C_z_
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DELAY CALCULATIONS FOR EXISTING RUNWAY SYSTEM

Assuming & Poisson distribution of aircraft arriving at each of the two
takeoff queue areas:

q.0 (60 Mmin.) .
T= 44 (¢4 - G0y - (4 min/piac, (rumvay 1)

_ a1 (b0 min, -
T= 4";_((44.‘_“:‘; 19 min/oire. (rumwey 2 )

For conservatism & 15 winute queue time was selected. With a departure
rate of 1 1/2 airplanes per minute the peak queue length would be

10 airplanes. This value is consistant with queue lengths reported by
tower personnel during peak hours. It is now possible to use this takeoff
capacity estimate to calculate the decrease in queue time with the
additional runways.

DELAY CALCULATIONS FOR EXISTING + PROPOSED RUNWAYS

Assume that the proposed east-west or north-south runways are in place and
that during peak hours scheduled departures will be evenly directed to
these three runwavs (27-27-27). Assume that each runwav has a takeoff
capacity of 44 (1/2 of 88) departures per hour.

Under these conditions:

27 (60 min) : R
T: 4_4((44-21>: Z‘,b minvTES (8113?1!!2\18)’8)

To be conservative 3 minutes was selected
Therefore, aircraft queues at each runway will be:
PRESENT CONFIGURATION ---- 15 minutes

PROPOSED CONFIGURATION -~~~ 3 minutes
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